Mouse t haplotypes are variants of chromosome 17, consisting of four inversions. Despite the homozygous lethality and pleiotropic effect on embryonic development, sperm production, and recombination, they have widely spread in natural populations of the house mouse (10-40% in frequency) because of the meiotic drive advantage. We sequenced 14 Tcp-) (t-complex polypeptide 1) genes from four t haplotypes, nine wild mice, and a rat as a reference. From a comparison of intron sequences of 610 base pairs, we dated the origin of t haplotypes to 2.9 ± 0.7 million years ago, which predates the splitting of Mus musculus subspecies (~1 million years ago). However, the Tcp-1 intron sequences oft haplotypes from different M. musculus subspecies from various parts of the world show no divergence, indicating the recent introgression (no earlier than 0.8 million years ago) of a single ancestral type. Nucleotide changes in coding regions are also consistent with this conclusion. Hence, polymorphisms among t haplotypes including lethality factors have accumulated during this short time period independently in each M. musculus subspecies.
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Mouse t haplotypes are variant forms of chromosome 17 that involve a large number of loci (1, 2) . The t haplotype was originally detected in a natural population by its interaction with mutation Brachyury (T) to produce tailless mice (Tit). Most complete t haplotype mice have recessive lethality factors and die during embryonic development when homozygous. However, there are variations in embryonic lethalities among various wild mice and some of t haplotype hybrids bearing different lethality factors can survive. These t haplotype chromosomes are considered to belong to different complementation groups. Thus far, 16 complementation groups have been identified. Despite homozygous lethality, heterozygous male mice can transmit >95% of the t chromosomes to their progeny. Because of this bias in segregation, t chromosomes are found in high frequencies in natural populations and provide a well-known example of meiotic drive systems with segregation distorter and sex ratio in Drosophila (3) . Transmission ratio distortion in t haplotypes is caused by four distorter loci (Tcd-1, -2, -3, and 4) and one responder locus (Tcr) (4) . These loci are in strong linkage disequilibrium by recombination suppression that is presumably caused by four chromosomal inversions, In(] 7)1 through In(17)4 (5) in the t complex (Fig. 1A) .
It has been suggested that t haplotypes were derived from a single common ancestral type (1) (2) (3) (5) (6) (7) . To date the spreading of t haplotypes in wild Mus musculus populations and to understand the origin of t haplotypes, we have sequenced Tcp-I genes from t haplotype and wild mice and made the phylogenetic analysis. Mouse TCP-1 was first identified by Silver et al. (8) by two-dimensional gel electrophoresis. The t haplotype mice examined thus far exhibit a t haplotype-specific electromorph at the Tcp-1 locus, TCP-1A, whereas most of inbred and wild-type mice exhibit a different electromorph, TCP-1B. Within t haplotypes, the extent of DNA polymorphism is high in the fourth inversion, which is likely to have resulted from occasional recombination between t haplotype and wild-type chromosomes. On the other hand, the extent of DNA polymorphism is low in the second inversion (9) . Since the Tcp-1 locus is located in the second inversion (10) and, presumably, frozen in recombination, it seems that the locus has useful information on the origin and evolution of t haplotypes. The TCP-1 polypeptide has high homology with "chaperonin" proteins (11) , which are thought to function in protein folding and assembly. The gene is in fact highly conserved at the amino acid sequence level not only within mammals but also within eukaryotes, including Drosophila and yeast (11) (12) (13) . We show that t haplotypespecific Tcp-1 genes are unusual in terms of both silent and amino acid replacement substitutions and use this DNA sequence information to elucidate the origin of t haplotypes. **
MATERIALS AND METHODS
Mice and Rat. The taxonomy and geographical origins of wild and t haplotype mice used in this study are as follows (14, 15, 34) genes of four t haplotypes), we compared the sequences of introns 8 and 9 (610 base pairs) excluding the B1 repeat, which is absent in the rat Tcp-J gene.
The sequences of 14 Tcp-J genes are shown in Fig. 2 and the pairwise nucleotide differences in the two introns are given in Table 2 (see Fig. 3 for a reconstructed phylogenetic tree). 
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.0 . . . . . . . . . . . . . . . . . . . . . . . . . . (17) . The wild-type strains and t haplQtypes compared are described in Fig. 2. that the divergence time between mouse and rat is 17 million years ago (mya) (22) and calibrated the mean divergence rate of the Tcp-1 intron to be 5 x 10-9 per site per year (23) . The phylogenetic tree of these intron sequences also concurred well with that ofmitochondrial DNAs (24) and ofbiochemical markers (25) Fig.  3) .
Surprisingly, despite a number of substitutions within wild-type mice, all t haplotypes have an identical Tcp-1 intron sequence (Fig. 2) Sampling errors are calculated as described by Takahata and Tqjima (18 (7, 29) around which agriculture and trade routes became disseminated. Polymorphisms among t haplotypes, if present, must have resulted from independent mutations after the introgression.
From these results and previous findings (1, 5-7, 15, 30, 31) , no doubt the second inversion of chromosome 17 had played an important role in the evolution of t haplotypes. It has allowed the accumulation of various t haplotype characteristics and prevented them from their disassociation by recombination. The inversion might have occurred in the lineage leading to the present-day "wild-type" chromosomes (32) Present Myr of t haplotype mice originated 2.9 ± 0.7 mya. Around this time, the ancestral t haplotype mice might have survived as homozygotes, provided that recessive lethality factors had not yet accumulated. A high transmission ratio (>95%) and homozygote sterility [e.g., Tcd-J (33) of t haplotype] might be simultaneously acquired relatively recently. We suggest that the acquisition was no earlier than 0.8 mya and around the same time the t haplotype had started to spread over various populations of M. musculus subspecies. During this phase, the original population consisting exclusively of t haplotypes might have become extinct due to the homozygote sterility at the expense of a high transmission ratio (33) , whereas the t haplotype in intr6gressing populations has survived as heterozygotes and bhen driven by a transmission ratio distortion. Evolutionary characterization of inversions other than the second will further elucidate the evolutionary process of the t haplotype in mice. Cantor's method (17) . Provided that the species divergence time between mouse and rat is 17 mya (22), a common ancestor of four independent t haplotypes was estimated to have existed 2.9 ± 0.7 mya.
